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TGM TAT

Cac ket cdu be tang cdt thep (BTCT) trong mai truang hign nay
do sur bign ddi khi hau nén vigc tham nhap GO, theo thari gian sé
|am cho k&t cdu bj suy thoai d&n d&n an man do cacbonat hoa
gay ra. D& danh gia tinh trang cia cac ket cdu nay, trén the
giti ca rat nhigu pheeng phap thir nghiém, cac pheong phap
thir nghigm tai hién trueng va trong phong. Bai bao trinh bay
danh gia cac phrang phap thir nghigm tham nhap cda GO, vao
k&t cau BTCT.

Tir khéa: Be tong cdt thep; thir nghigm; C0,: cachonat; an man.

1. DAT VAN PE

Trong béi canh bién ddi khi hau va gia tang khi thai nha kinh
toan cau dan dén CO, tham nhép vao trong két cau bé tong dan
t6i qua trinh cacbonat hoéa. Qua trinh cacbonat hoéa bé tong khéng
dién ra ngay mot lic ma n6 &m tham gay an mon va pha hay két cau
bé tong. Su phuc tap clia qua trinh cacbonat héa tu nhién vén phu
thudc vao cac bién s6 ngau nhién nhu d6 4m méi trudng, néng do
CO, méi trudng, nhiét d6 moi truong. Toc d6 cacbonat hda rat cham,
thudng vai milimet sau ca thap ky nén cac phuong phap thi nghiém
tdng téc (Accelerated Carbonation Testing - ACT) dugc phat trién
trén toan cau. Muc tiéu ctia bai bao nay la phan tich cac tiéu chuan
tdng téc hién hanh tir cac té chic uy tin trén thé gidi va so sanh véi
tiéu chudn Viét Nam. Trén thé gidi co rat nhiéu phuang phap tha
nghiém tang t6c cacbonat hda khac nhau nhuTCVN 13929-2024 [1],
tiéu chuan ctia chau Au BS EN 12390-12 2020 [3], tiéu chudn Nhat
Ban JIS A 1153:2012 [4], tiéu chudn Phap XP P18-458 [6], tiéu chuan
Trung Quéc GB/T 50082-2009 [8]. Van dé dat ra la can tim hiéu so
sanh va danh gia cac phuong phap tang toc khac nhau trén thé gidi.
Méi phuong phap c6 mét sé uu, nhugc diém nhat dinh, ta can so
sanh danh gid pham vi ing dung cla tiing phuong phap.

2.COSGLY THUYET
DO bén lau dai clia bé tong cbt thép phu thudc vao kha nang
bdo vé c6t thép khoi an mon, khi bé téng chua bi cacbonat hoa

ABSTRACT

Reinforced concrete (RC) structures exposed to contemporary
environmental conditions are increasingly vulnerable to degradation
driven by climate change, specifically through the time-dependent
ingress of carbon dioxide (C0,), which ultimately leads to carbonation-
induced corrosion. To assess the condition of such structures,
numerous testing protocols have been established worldwide,
comprising both in-situ and laboratory-based methods. This paper
presents an evaluation of the testing methods utilized to determine
the extent of Cll, penetration in reinforced concrete structures.
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moi trudng kiém cao (PH tur 12,5 dén 13,5). Mdi trudng tinh kiém
héa cao nay chi yéu do su hién dién cta Canxi Hydroxit Ca(OH),
va cac hydroxide kiém (Natri va kali). Tinh kiém cuc cao nay day su
hinh thanh mot I6p mang bao vé thu déng mdng manh chi day vai
nanomet trén bé mat cot thép.

Qua trinh cacbonat héa la mot chudi cac phan ting lién két doi
héi CO, phai khuéch tan qua cdu tric 16 réng, hoa tan trong nudc,
sau dé phan tng vdi cac pha hydrat hoa chia canxi. Phan ting hoa
hoc chinh la:

Ca(OH),+CO, - CaCO, + H,0 (1)

Hoa tan CO, tir khong khi vao nudéc trong céc 16 réng clia bé
tong thanh axit cacbonic (H,CO,).

Phan Ung trung hoa kiém axit cacbonic phan (ng vdi canxi
hydroxit Ca(OH), trong bé tong:

H,CO, +Ca(OH), — CaCO, \ +2H,0 )

San pham canxi cacbonat CaCO, lam gidm d6 x6p va c6 thé
lam tang cudng d6 cla bé tong & bé mat. Qua trinh nay lam gidm
OH- dan dén su giam do6 PH.

Sau khi lugng Ca(OH), trong hé xi mang bi tiéu thu hét, CO, du
thira sé tiép tuc tan cong pha keo xi mang chinh Canxi silicat Hydrat
C=Ca0, S =Si0, H=H,0 (C-S-H). C-S-H Ia nguoén du chi canxi va
silica quan trong va phan (ing cacbonat héa C-S-H la co ché quyét
dinh sy suy giam tinh kiém lau dai va pha hiy cau tric cla bé téng.
Su cacbonat héa C-S-H dan dén sy hinh thanh thém CaCO, va giai
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NGHIEN CUU KHOA HOC

phéng gel Silica hydrat (SiO,. nH,O). Su thay d6i nay lam suy thodi
déang ké tinh chét co hoc clia keo xi mang.

C-S—-H+CO, - CaCO, + SilicaGel + H,0 3)

Cac phéan ung nay tiép dién tir bé mat bé tong vao sau bén
trong theo thai gian tao thanh mét |6p bé téng da bi cacbonat hda
c6 d6 PH thap. Khi PH giam dén khoang 8,3 thi I6p mang bao vé thu
déng bi pha hly [5]. Khi d6, c6t thép sé tiép xuc vdi oxy va am sé
bi an mon nhanh. Trong bé téng cacbonat héa kha nang chéng an
mon cla bé tong bi gidam nhanh vi bi rat kiém, nat va ap luc ri sat
con tdng nguy cd suy giam két cau.

3. CAC PHUONG PHAP THU NGHIEM TANG TGC CACBONAT

3.1. Th&t nghiém ting t8c cacbonat héa BS EN 12390-
12:2020

Mau lang tru c6 kich thudc (100x100x400)mm.

Thi nghiém tang téc cacbonat héa la dinh lugng kha nang
khang cacbonat clia cdp phéi bé tdng bang cach st dung cac diéu
kién phoi nhiém dugc kiém soét va tang téc. Su tham nhép CO, vao
trong bé téng lam suy gidam tinh kiém cla bé tong gay hién tugng
dn mon va giam tudi tho du kién cla két cau.

Tat ca cac mau thi can thiét cho mét 1an kiém tra phai dugc dic
tU mot mé tron duy nhat d€ dam bao tinh nhat quéan cta cap phéi.

Quy trinh dudng ho va diéu kién phai dugc tuan thd nghiém ngat:

- Dudng ho ban dau: Mau dugc d& khuén sau 20 + 4 gid va
dugc luu trit dudi nudce cho dén khi 28 ngay tudi.

- Giai doan sdy kho 14 ngay: Sau 28 ngay, mau dugc chuyén
sang mai trudng khéng khi phong thi nghiém. Giai doan diéu kién
14 ngay nhdm gidm d6 &m cla bé téng vé muc t6i uu. Néu mau
van qua dm khi dua vao budng ting t6c co thé vugt qua gidi han
cho phép, lam cham qua trinh cacbonat va dan dén két qua khong
chinh xac.

- Vi tri mau: Khi dat mau vao buéng cacbonat, ching phai duoc
dinh vi sao cho khong khi dugc phép luu thong tu do xung quanh
cac mat do, ddm bao khoang tréng t6i thi€u 50 mm gilla cdc mau
VGi tudng buéng

Bang 1. Théng s6 tht nghiém tang t6c cacbonat theo Tiéu
chudn BS EN 12390-12:2020

Théng sé Gia tri yéu cau

No6ng d6 CO, (3,0 £ 0,5)% Theo thé tich
Nhiét 36 T (20 + 2)°C

D6 8m tuong doi RH (57 £3)%
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1-Mau bé tong 5 - P4u vao hai nudc 9- May hat 4m

2 - Dong chay hén loan 6 - Cai quat 10 - Khi dau vao
3-Néntang 7 - B6 diéu khién 11 - B6 diéu chinh
4-Bauvao CO, 8 - Hop diéu khién 12 - Binh khi CO,

Hinh 1. Budng tang tdc cacbonat hda [3]

206/ XAYDUNG 02.2026 | ISSN 2734-9888

Cong thuc tinh do sau cacbonat hoéa:
d,=a+ KAC\/;

Toc d6 cacbonat K, _ tinh theo don vi (mm/W)

Thai gian |a téng thai gian tinh bang ngay mau bé téng duoc
lién tuc phoi nhiém véi CO,; a la gia tri chan tinh bang mm.

Trudng hop tiéu chudn: DSi v6i hau hét céac loai bé tong gia
tri chdn a (d6 sdu cacbonat héa tai thai diém t = 0) dugc giad dinh
bang 0.

Trudng hgp do ludng ban dau: Néu phép do do sau cacbonat
héa dugc thuc hién tai thdi diém t = 0 (ap dung cho bé téng déng
cliing cham), tham sé a khéng dugc dat bang 0 ma phai bang gia tri
d, trung binh do dugc tai thai diém do.

3.2. Thit nghiém ting téc cacbonat héa TCVN 13929-2024

Mau thirbé tdng cé hinh lang tru kich thudc (100x100x400)mm.
Tuy thudc vao muc dich thi nghiém, cé thé sir dung méau thir cé hinh
dang kich thuéc khac nhau.

St dung 3 vién mau bé téng cho cung mét diéu kién thu
nghiém.

Sau khi thdo khuén, bdo duéng mau & diéu kién am tai nhiét
d6 (27+2)°C cho t&i 28 ngay tudi. D& gitr §m c6 thé ngam vao nudc
hodc bdo duéng trong méi trudng &m.

P4t mau trong phong nhiét dé (27+2)°C va d6 4m (60+5)% cho
dén khi da 8 tuan tudi. TU tudn thir 7 dén tudn thi 8 ti€n hang phu
kin mat ddy va hai mat bén (mat c6 kich thuéc 100x100 mm) va bit
cac 16 rd trén bé mat mau dé ngan CO, tham nhép.

Bang 2. Thong sé th nghiém tang tc cacbonat hoa theo
TCVN 13929-2024

4

Théng sé Gia tri yéu cau
Né6ng d6 CO, (5+0,2)%
Nhiét do T (27+2)°C
Do dm tuong déi RH (60+5)%
9
8
7
A
L

Hinh 2. Budng tang toc cacbonat héa [1]

1-Than ta cacbonat

2- Gia thép

3 - M3u bé tong

4 -Thiét bi do va diéu chinh néng dé, nhiét d, d6 4m
5-Van.

6 - Binh chira CO,

7 - Khi CO, héa léng

8 -Van diéu ap

9-Do6ng hé do ap suat khi CO,



www.tapchixaydung.vn

So véi tiéu chuan chau Au thi ndng do CO,, diéu kién d6 dm va nhiét do déu thay d6i. Nén khi tinh toan stic khang cacbonat theo Fib

2006 [7] ta phai quy ddi vé nhiét do la 20°C.

Khi mau bé tong dugc bao dudng trong ti tang toc cacbonat héa dén thdi gian quy dinh, 1y 3 vién mau ra khoi td va tién hanh biia hodc
cat lat thanh mau vdi chiéu day 60 mm, sao cho mat cdt cia mau thi vudng géc véi phuong chiéu dai cia mau thi nhu trong hinh.

Chuan bi bé mat do va do chiéu sau cacbonat theo phuaong phap thi trong Tiéu chudn TCVN 13933:2024 [2].

Céc diém do phai chia thanh 6 phan bang nhau trén méi canh cla hai mit khéng pht son. Cac phép do dugc thuc hién tai 1; 4; 8; 13; 26
tudn sau khi thir nghiém tang téc cacbonat. Tuy thudc vao muc dich thir nghiém cé thé bao duéng tang téc cacbonat & cac giai doan khac nhau.
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Hinh 3. Vi tri do chiéu sau cacbonat héa [2]

4. DANH GIA SO SANH CAC PHUONG PHAP

100

Cha y: Kich thudc do bang milimet.

Pé danh gia stic khang cacbonat héa clia két cu bé téng, tat cd cac phuong phap trén déu cho két qua kha t6t.
Bang 3. Bang so sénh cac théng s6 ky thuat tiéu chudn tang t8c cacbonat hda

Pac tinh ky

thuat BS EN 12390-12

XP P18-458

JIS1153 GB/T 50082 TCVN 13929

Kiém tra stic khang

s LA Kiém tra stic khan
cacbonat clia bé 9

Muc dich chinh cacbonat cla bé téng

Kiém tra stic khdng
cacbonat cta bé téng

Kiém tra stic khdng
cacbonat cta bé téng

Ki€m tra stic khang
cacbonat cda bé tong

tong
Néng do o, (3,0£0,5)% (3,0+£0,5)% (5,0£0,2)% (20 + 3)% (5,0+£0,2)%
Nhiét d6 (20£2)°C (20£2)°C (20£2)°C (20 £2)° (27+2)°C
Po am (57 +3)% (57 £3)% (60 = 5)% (70 +5)% (60£5)%

XU ly + 14 ngay khong khi |14 ngay khong khi

Thoi gian tién|28 ngay ngdm nudc|28 ngay ngam nudc +|28 ngay ngam nudc +|28 ngay ngam nudc +|28 ngay ngdm nudc + 4
28 ngay khong khi

say 48H & 60°C tuan nhiét dé thuong

Chat chithi PH |Phenolphtalein Phenolphtalein

Phenolphtalein

Phenolphtalein Phenolphtalein

Quad trinh cacbonat hoéa bé téng la moét hién tugng phuc tap,
da co ché&, nhung chi phéi la co ché khuéch tan.

Cac tiéu chudn tang t6c déu st dung nhiét d6 20°C nhung
riéng TCVN 13929-2024 st dung nhiét do 27°C.

Céc tiéu chudn tang t6c déu st dung néng dé CO, cao hon so
V@i thuc té dé ting t6c cacbonat hoa.

L&i cdm on: Nghién clu nay dugc tai trg bdi Trudng Pai hoc
Giao théng van tai trong Dé tai ma s6 T2026-CT-027.
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